~ o
» ¥ L#L‘Jl Gauqt_ tﬂu’arnanc{.

L Qu’in ‘l'l/ﬂ\ Ett"{-fﬂ JYhahr{’ ——) bplﬂ,\ A'?gnJ.”l (:
(Elektromiqned sk vixeluerkan)

¢

= Qu‘in'lu!m Cl’\l"ﬂhﬁ J'{n Amics :
( s*?fk vsxt(\;lrkﬁn)

“The Glashon -We."nl:cr.l-—-ﬁa[m ardel"
(Blektrosvaqg FalllVlkan)



Symmetries

Loreadz frastormatom
CGU\","?!UW& é‘fvh:likﬂiﬁn :'1!!

S “ding Wean. Tewmilahion ia fimt
/' FAEE IR !;ui’.‘-.\ :ﬂLJih AWis
\.Diun{t

Pin‘ {'\,
spt! ~1ime Ty e, ﬁthqe th'j'u‘?“-‘n\

Time revevsal

S pace~time Svnne{‘r?'! s

Baryon ws..lur
G[ahil S\,m, L!p toa wbtr

Strimgtneys

'l" "'..“ .“PU{.;-)-F_}_-_\;‘..

- lsosain 4 P St (2)
internal symnmedeies PintHypercharge SU() 4ipen

S

Sinil Elttlh’t f-'\ln‘l V() Rt
[ 4 ] e W 47 e UDESUIL
veal que sy <yt g 8



INTERNVNA  SYMMETRIER

Tr?nl‘furht'l‘ilnlr fom utrk?r P'.l' pir‘lfklar v‘!?n
2t Pi'vtrk: ?

Globaly symnetvier

Dettar 3¢ stne‘lr-"tr div trinitormd tionea date
bever av P . Dus traastormitionerny 3¢ et s3aamd

overatld 7 univecium,

E xXew el W(?) - e“{ lr(?) 3¢ X v tn Lﬂu'h«'f

Lo k: 2 Syhhgjﬂ!r

Tf:ns'Fnr-x‘:-‘-'nner SO0 ,Jeflr v ;‘ ds 3¢ u[i"fﬂ-?
iooliky pnkder 7 rye dtm,

Execpels gy P y ity

dvs & (V)= o (2,F)



QED

Qu 3 tum E[.ec‘l,‘ro Dyhh«:’cs

kl,‘asif:[( t,lt'a('l:mhhlnl_'l-fim
;2, R.tl.'l'l-'vﬁ‘l‘ﬁlt {',lt’fl'l‘mwaqn!%ﬁm

3. ftkt'-rz[?',‘?uﬁ‘l“ﬁ'( kv‘:n‘LMk?nﬁk ‘!({k{\’vh}th{‘ﬁh
y A Relativisinsk kanat mek ik efthfrum-:.lnﬂ?sq



Klassisk E leltvomagne 05 m

Maxwells ekvationer:
E - vxx dy~ E: Det u:uqtfﬁkﬂ 'Fil{'!{*
~ 3-3. E: Det elelitvisks 43Uet
g =- ¥t =¥ x: V!k{‘irpiilnhlln
"‘= - ﬁ !: Skyl3r pelenialan
b it §: Den elekivsky stvgmaen
O-E =g €: Liddnings Jdensilete,

® Fria MHWL[[S lhﬂ{':un!f for waa krn‘l.'nuﬂd‘:ll(v:{-r‘rn!n:

%% + V-5 =20
Deand siqer 3t SAJf?njtn w o (2ddaiagen ¢ otn volym
beror W strgemen W Laddaing vt fria velymens yt
dvs  Tagen La..lc!-\:‘...' rh?ru eller 45,-5ters.
= L:JJ-\I.\.”.\ ?r Wkenservevad

® Givet fiten E ech E ar inle p#ftnflltrna V ecn ;;.
en -Lr J-“q'l* bestindd. De triasfermationtr sewm kiw qovas
P:' V och R vhia 2 Fadr i ech -E hattyy %5,

i qiluqt trons Foermadions “2

' b - -
A — A 2 A+7X
( " X dir X 3, tin valdri Juak tion

V — V 2y -)i_{_
Marwills ehoaBeontr 3v favirmanld om dersy B forartivae

b e ty
€!=VN(Ewa)=ﬁxI+vxt}x =vxi

L

E=-(AevX)-v(v-W)=-2 gl yy.pdd= 28 gy




= &« &« 8 @ ® & 9 & & 8 * & =
+ +» o © © © 0O 00 ® 0 & o+ -
e s 00 0000000 0
v o 00 00000 O® O o
c 0o 000000000 0
°c 000000000900 09
e 00000000000
0200000000000
c 00000000000
c 0000000000 00
e 0200000000 0
-l.l........'l
e » 20 0000 OO S 9
s +» o © 0000 O O® 9 o - .
Sl T e * ¢ 000 & o o o+ - -

L] e & & o @ .

tald

Ve kior

EKTTFIK////////
\ff%gﬁf////ﬂﬂﬂﬂ/
miliffff/zﬂﬂgavy
1ETEF//#JJHH%
11Tfffﬂﬁﬂaaﬂﬂﬂﬂ
RﬁTffﬁ;rﬁHﬂx\\\\
Kﬁtfffx_aﬁuh\\\\
2TUART A I N N R e e KRR
R\k\m\mk;h&&..v*uﬁlﬂ\ﬁ\d\
\K\Khhn*VIILEE\
‘B E A2 TR N TN SR
WA R R
CEd I L]y s asesss
O R R o Gty
Wﬁwy#«//fffiluw
m//wwf//fffiiﬂﬂl
AR N
mﬁ//f/fffﬁfiiiil



R € lﬂ vy l:f;k e,!.eld‘rahaqqt}ﬁ .
Nya betetkningar

—

o \ -
= A 2 (A AR) 2 (AR)
A/’ = (Ao, A, 1'\1-'”‘1) = ( Aﬁt "“'l‘a‘-';) = (Aﬁ._a)
ﬁf’. A = ,a{’p” T A, pY = A'-g'- A-B=Ap-~AB- Azbl- J‘:mil.!i
A A8 A8 AR
X;ng A' 5' Ar Bl &lb! ﬂ"ﬁ‘ - Cw
&15- A_tﬁl &!ﬁl A‘ﬁ’
' A8 AL AP

e

F - PF=(P°| P.| 'tl P‘]=(E'?’)=(a'p‘"‘“")
Pu = (Po, B, 1) = (B F) = (E,~R Py~ Py)

PP =P R =B B =t nl-py -t

a&y 2("' h" }!' 35) - ("3;'*?):.(#'-1 ...)- --i.)
B}-’ 2(3‘131131131) " (ﬁ‘ V) = (
2
3”'3};= 3—' = vq= Dz

it

¥={yr5yry)

I 0 6 0 0 0 oI O 0 0=t ; 0 ol o

o 6t oa t.|] © o1 0 i.{ e i 0 =] ©0 o0-l
Y 2|loo~0)] ¥2| o~oo]l ¥2loiool ¥ ~t 000
6 0 0~ -t 000 =i o 0 0O b ) o ¢C




?
’
i
‘
l
.:
‘
‘

) SO :
’..
- 2.
3
)
[
- )
23 ;;
i )
%-ﬂl 1:}’
Yy : *
5 L
| 7 AKX
;L
3
! Y
O




EKE*-?LL:

MY 2 \PRY (Yl = [
FFie YA -YA dar »
A=
YA- YA YA~ YN
pAv o | YA- VA YA~ YA
S~ A . YA
YA~ YA NN - YA’
Maxuwells krtcvmer:
(E - .!_'ﬂ_!- l!'f
. M ax
E =~ ].E.-— LE,=x~ --'-‘lI ~ v
% 7 ar T %"y
E, - Mg 3V
L M 33
8, = ‘_!ﬁl - 20y
& L; Y Lk
0= PEA 18, = YAr_ Ay
3 Ix
= My _ gy
L_E! ax d}f
0 B, -8, f,
EAY B 0 -8B B
= Ey 68 © -8,
Eg ....',’ ﬁx 0 /
Py samer 3384F ¢ e
L 1
: B & 53
F - o " (4} ""B.‘ b 4
rv ~E, 8 © -8

e | .1
(}; l;};ﬁ):(%*:i: hrl-i!i)
(A' &l Fk' A’]: (Vl &K:AY. Ai)
YA- A VA-YA
Ya'- A" YA~ A
YA- YA YA <A
YA~ ¥R' e~ oA

fE‘ a=3A'+ YA’

E,=-)A + VA

B! = "'fﬁ"& f A“

e
3
(Byx=>A 1 DA

3
ﬁv — -‘h;At + }'A

S

B! L )tAr - )1A'



p—,
N =
\L_“..s.“r
Lu*h
A= &
S
s =
4 <
o 1w

dav {

P -
Y MY g

EXem




Relatividisle elektomagnedism

® |nk- o5 ande  4-velctove.
Ap‘ (ﬁ‘-l ": A!l A}) 'Q" IE) = (vl A'!:A‘hai)
jp = (j't ¥ itl i‘ ) ‘(?'-j] " (?'jlt 37' ‘H)

e 0o %0 %) 2GR 523

&3¢ AY Kallas 4or Y-uektor prienielea
¥ kallay B Y~vebb sirdneen
3’, kiu"u o H-vebter J!ri‘v}{iﬂ

@ "“Gagqe" tnnsbormartionta la av slrives som:

A —>A+YX » ~ dir X ir ew
iv ___9 v_ _};-_'r_ g A ﬁA - )& ﬂl""l’ 'flrhk“'?dn
y 4

® och keabimitelielaWNomen ban svives sonm:
¥evjzo D Y=o
® Vi ator oclisy dem dth‘!uuuqu{'hh: tiltslydetensorn,
Fﬂr:: )I'AT- }?AF

® Frfa " 2w Moxwells el Lioner {E:qkf o 137 wae d3
A

B=-
0 -Bxy -E, -B
pPYs (EE; Ei %!- ":I)
Ex -8 By [/

® och de andr 1o maxnalls ek di ener lan 49 vy sonm:

Vx§ =]+lE
" FF a3V
{v.‘g . > A )



leke ~velabivistick kvantmekanisk elehtromagnad s m
Alternativ I

@ SchrEJFmtlr thkativnen +or en Hr pwl‘-'luL PN

® Sﬁ.hf‘ﬂ“;"ﬁ!f Q'(V?'!'Fﬂﬂfm tor en p:r‘l‘fl(-t( e d
Lyddning pin 9 so- vor siq i ett dth{rontju{nh’c
135} som yes w pﬂha?iltrna Voh A 3r:

S 3 .
'il;\(l"-q,k) '-" :l(f{ +-1Y)?
Dvs mamn hay ﬂjni !u.«lolh'{'uf-f‘u-t«tﬂ
F-—)ii-,i' (=)-iv—a~iv-qA = v—w--"qi)
%1- —-)-}ifi'iv

_

Dett: kan wed "l'.!'l‘fvﬁ‘!'f!".«( notatien theiv2s som

I__h)‘-’ __>}p+:$AP

@ ;‘;r S;kralc‘rﬂtrlkvt‘lf‘lhlq “I’lvql'.‘ fnutrfin'l P:I.

$immaz $31 som Maxwiells t.ku'!'l-.'mtfz Svar: Nej

® Meun Sgl\r;qlraan{,'&wh‘nn!n v “qivee " favarisat
Onmn mya lt.n-.' Llettrr deamn2 Mn:"‘ﬂﬂur’;‘m med ¢an

Ce m2 T o - -
vle) transtormation A A evX

U(l] qivqe {fh{urqﬂ{fm; Ve ’U"- %—f‘
¥V — ey



®

L

_ﬁ_\[ttfn?":l\v Ir—

Aata 2aH S fade 3/ kiad mea vi vat 2 tltkbb.‘;rdh
beskvivs w en  lokal UU) dnashiraation  dos v vt

tH {aljrade ska 43102,

: 9 3r en konyloat
s "YI - elﬂk ‘F dir {.I 2XAP) v en vallei fuablion

Sckrh—dfnlllr tkw‘lf‘antn for 2 fv ﬁf““lt{(.

=1 - - VWir ¢
=" Wtrl+]-rT;'J

kS ralg faviriant om mqa 1;\" en |[rkal U[l) ‘lv#«:‘hr‘hﬂnh'

For aH favarians sk g3ls wmaste A ok V iaforas
I-.l_J — o | -
{A > A -A+UXx
Vav ay- {?

Ocl«\ S:l\r‘n imqg.ftl(w-[;mln ma,lt (L) \' e tvds fetl

. (7- 5(A\+4v7%r+ -7 MED

ds Sehridinerekvattonen 457 en pavdikel
1 ettt eltkt'runaqndnh{ 354 kan Y5 $00a

St-‘ri dlﬂiﬂ,flk‘-’?"‘: LAt Vo) "nl‘“ LY "FIFI ’}A{"\-{L "l"
“local ULI) qruge cnvariance M,



R e'_‘a‘l‘;vil'l Vs k lc\f‘e-\‘lh-tk }nrsk ﬁ‘.t k*"bh'u"nt‘k‘sm

(Gu;n'lum Electro Dynarmies = Q ED)

@ Med vera HY? !Dt‘{'ltl(nfnol‘if kan i Ikr:‘u? Divac
thrationea p3 filjande sitt:

Y3, Y-myp=o0

L S R A RN L R S & e .L
Y,
Y- $‘ ar ea Dirac spinop
¥,
m= pordilielns mine [ tex elthdronens mana)

® Divac ethvationta kaa 1355 qtunm 11 man mTaimeray
L:1riaqfin 'Fa'r £ 4 tl*h*‘rﬂnr

.,Ee =) -'.PXFBF "F - g’-tj{ (:: elekdonen \

Kinetiska Cmeryis



Aalclerar maa Permen "-'I'F,,.r F’Pr ot &t '.flﬁ'f‘

WMn €n ny Liqfﬁnql?*\
> o i.__.L F"‘
£,2i¥y R e M!Hk F F_ T
kintbiyla entryg

Fria £, kan man med ]n,:[p 1% l:h,rn ‘o leart et
+5 fram bsde Dirac ekvitiontan oeln Maxwells olendiome~
for Fria p:r{':hl:r,

’-(—e ar emellertsd “!ﬂts tavaridnt vader Lokal vl1)

tr‘lni'l‘ﬂfh‘l {u"#n L—I vader fﬂni'f-orwrl-l‘anh\

W — i!.‘41(?"93“,

I ded veke~relativistisha fallet 53’9 vi 213
Sched J:‘nqcrekv‘:franln bleey UQ1)  favoriaat
om vi gqjovie schstifvtionea

Iy, +iqA,

Gor vi J-Inna t#bl'l‘f‘l‘ufi‘wn f &b 43¢ i

Coilury, ¥-n¥Y-£8 F - g ByaLy
L=24, - 1?7‘7\, 4
——

beskviver vua[vuﬁ:., wtll 2

'{ifh ienfr Sean €3 v 'f' “I‘
'Pu'l“cﬂlr fee 905 W A’



(4 A.r & itavariant vade, en Lokatl vit) ‘lvhg‘fr-y-mm‘ru..?
Dus eter 1r2a3Formaticnen

U — ~1LF)
A S

ska Filjande q3lla: £ () =L (W)
. EH!#‘ U(l} {ﬂnl‘fﬁrh i‘ll‘rqlﬂ ,‘df" Ve
&1 8y pE-m Y -LE P -q By A Y -3 Uy )X

Linfe -9 x'a¥-93 vy
£=£ ~§¥xtuy x Svar: NEJ!

!
. F-'E‘r 3*'[‘ ’F?‘ f{: =£ h?‘l'lt Vi dlﬁul‘ﬂm 13(2 tn
”1 wqe trinstormr fion

5 3y 13- v

-.qryn,y-..qtg--tp 7= Wy A ¥ - 9Y vy, H 99y R
Y

dv s o)

cg,'-'-' 'C" FEB’P*-MQ’?—-‘:R’T J A Q?T”A',*

Om mia kombinerrr e~ lokal UL1) trinsdornrtion
| " t
med ea “qicge ! bvaastermadin. Hraa =L )

[



Sunher rnq
J

E.u L?1nn1;?n 'FB".r e[th{ran:.,ncf-:"lk uix-rluwk'a-.
kan erhFllzs dvda L‘J-’ﬂhq.‘a.. for en dvi eleltvon
fer oo 'Fili'h-e'l Orlr%{fanlr:

I} lnter A‘F och 13{ swhsdifvitonen
)Jp — 1’, *1 4 A,_,

H) lader “the !-[!ttrnh?,n{‘lﬁ:, 'ﬁr‘tlJ-strg“1+k Loares ! FPI"
P = YA = 3A”

IHJ Kriv 'l'l"l' & or Env}rri-ﬂ-{ vadtsr €n - local U(l)

QgL r3nstormy tion:

g
{EV =S¢y 5o
‘A’I-_) Ap"hpx

? ‘£nsn EI":_ PE‘“)* QWKPAFQ’ F i

| / /




Observadionen 21t laddningen 3¢ lokeld kowsevugvad

leder &7t 24 iy will Avechly e deory sowm 3

ianvvisat Tor vina (\“ﬂr v trrastormabione

Dessa  s-k. “qavqe” triastormationer v typ V(1) ki
Uppf‘i‘t*‘i‘i COm ©wn QWFF W fﬁ{?{fnhl_t IV U'.\-ﬂ{uwlt‘l'fdﬂhnﬂ

T el abstrakd  en- dimentiontllt “chavge pace”

Stocleken pr rotadiones 3 olika 7 oliky penkte~

-

i dea H~ dimendionel{a Miahowshi rmetn

tL; iggnjidgm]{i‘gﬂgtnﬁ g‘r ldhilg

“Lecal vt) qvye iaviriance ! lader U A aga

maste TAtory etd l[-ll(ffnh'a-:nt{‘ﬂkf faLt (E)
Vﬂh-l'! I\ir n?i:[?;: !(v‘ln‘l"} (I‘u-!-anlr] vitha 'Lo'rlﬁf‘
pr ett onikt siH 'l laddade pawvitilelar (tex elelcdvensy)




